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Organism growth conditions. Each organism was grown using organism-specific growth media and conditions, and prepared for chemotaxis experiments according to previously published or refined methods.
The heterotrophic marine bacterium Pseudoalteromonas haloplanktis (ATCC700530) (cell size: ~1 µm; mean swimming speed = 80 m s -1 ) was grown to mid-exponential phase in 1% Tryptic Soy Broth (TSB; Difco) supplemented with 400 mM NaCl. Cells were then diluted 1:20 in artificial seawater (ASW; NaCl [ The marine bacterium Silicibacter TM1040 (cell size: 1 µm; mean swimming speed = 52 m s -1 ) was previously isolated from a culture of a DMSP producing dinoflagellate (SR1), and was here grown to mid-exponential phase in half-strength 2216 marine broth (SR2), centrifuged at 1500g for 5 min, and washed in ASW.
Axenic cultures of the marine cyanobacterium Synechococcus WH8102 (cell size: ~0.8 µm; mean swimming speed = 25 m s -1 ) were grown under constant light conditions (36 µE m -2 s -1 ) at 20 C in SN medium (SR3) to mid exponential phase.
Axenic cultures of the marine chlorophyte phytoplankter Dunaliella tertiolecta (CCMP1320) (cell size: 6-9 µm; mean swimming speed = 56 m s -1 ) were grown under constant light conditions (36 µE m -2 s -1
) at 20 C in f/2 growth medium (SR4) to mid exponential phase. Prior to experiments cells were centrifuged at 500g for 5 min and the pellet was washed and resuspended in ASW. The washed cells were then starved of nutrients (present in f/2 medium) for 12 h before being washed again in ASW immediately before experiments.
Axenic cultures of the the cosmopolitan marine prasinophyte picophytoplankter Micromonas pusilla (CCMP2709) (cell size: ~2 µm; mean swimming speed = 50 m s -1 ) were grown under constant light conditions (36 µE m -2 s -1 ) at 20 C in L1 growth medium to mid exponential phase.
The bacterivorous heterotrophic nanoflagellate Neobodo designis (CCAP1951/1) (cell size: 4-7 µm; mean swimming speed = 97 m s -1 ) was initially grown in Plymouth Erdschreiber medium (SR5) supplemented with wheat grains, before being diluted (1:10) and maintained in ASW. Prior to experiments, a mid-exponential growth phase culture of P. haloplanktis was added to the N. designis culture in a final concentration of 5% (v/v) . N. designis numbers were then allowed to increase for 3 days at room temperature, until near exhaustion of bacterial cells from the culture medium. Chemotaxis experiments. Dimethylsulfoniopropionate (DMSP·HCl; C 5 H 10 SO 2 ·HCl; TCI), dimethylsulfide (DMS; C 2 H 6 S; Sigma-Aldrich), dimethylsulfoxide (DMSO; C 2 H 6 SO; SigmaAldrich), and glycine betaine (GBT; C 5 H 11 NO 2 ·H 2 O; Fluka Chemie) were prepared in 2, 20 and 500 µM concentrations in ASW. The microfluidic chemotaxis assay was fabricated using soft lithography and is described elsewhere (SR6). A 300 m wide diffusing pulse of chemoattractant was released by a microinjector at the centre of a 3 mm wide closed microchannel (Fig S1) . An inverted microscope (Nikon TE2000) was used to visualise the position of organisms within the microchannel. Movies (100-200 frames at 32.4 frames/s) were captured over 6-12 minutes, at 1-2 min intervals, using a CCD camera (PCO 1600, Cooke, MI, USA). Cell positions were determined in each frame using image analysis (IPlab, BD, MD, USA), providing spatiotemporal distributions throughout experiments. Cell positions were linked among subsequent frames using particle-tracking software (BacTrack) and trajectories were used to compute swimming speeds, rates of change of direction, and inward migration speed (or 'chemotactic velocity').
To quantitatively compare the strength of chemotactic accumulation among cases, a chemotaxis index I C was defined as the ratio of mean cell concentration within the central 300 µm of the microchannel (initial position of the pulse) and mean concentration outside this region, minus 1. Large I C values indicate strong accumulation, while I C = 0 indicates uniform distribution. Note: initially I C < 0, because no organisms were added with the chemical pulse (SR6); thus, I C < 0 does not necessarily indicate repulsion, but can result from a combination of the initial condition and a lack of accumulation.
To determine the increase in exposure to chemicals afforded by the chemotactic response, we defined an exposure index I E as the product of the organism concentration and the chemical concentration (each normalized to a mean of 1), averaged over the width of the channel and over time. I E was then expressed as the percentage difference between this quantity and the same quantity computed for a uniformly distributed population (which is 1). The rational is that diffusion-limited uptake is linearly proportional to both organism and chemical concentration, and what matters at the population level is a spatial and temporal average (individual organisms instantaneously experience considerably higher exposure enhancements). The temporal average was performed between 1 and 6 min from the pulse release, a time window where data are uniformly available for nearly all experiments (see Fig S2) . The chemical concentration was modelled as a one-dimensional Gaussian profile, with initial half-width of 100 µm. The diffusion coefficients at 20º C were D = 7.2 10 -10 m 2 s -1 for DMSP, 11.0 10 Figure 1 . We note that, because I E is computed relative to a reference case (uniform population) and the initial condition in the experiments is one with no cells inside the band (i.e. the population is initially less accumulated than a uniform population), I E values can be negative (similarly to I C values).
This microfluidic chemotaxis assay has previously been applied to examine chemotaxis of several species of marine bacteria, phytoplankton and heterotrophic flagellates (SR9-SR11). Low levels of variability between replicate experiments have demonstrated that this microfluidic system is robust and results are highly repeatable (e.g. SR9). This was confirmed further here for two conditions (Fig S6) . In addition, spatiotemporal plots of cell accumulation are provided for all cases (Fig S2) : the smooth temporal evolution of the cell distribution over multiple sampling times, along with the detailed spatial resolution (100 data points across the 3 mm channel width) support the robustness of the reported accumulations and of the chemotaxis and exposure indices, I C and I E , given in Figure 1 .
Because DMSP was provided in a hydrochloride salt form (C 5 H 10 SO 2 ·HCl), pH gradients may have been generated in the experiments in addition to DMSP gradients. To ensure that pH gradients did not affect the observed chemotactic responses, we performed control experiments in which we measured the chemotactic response of bacteria (P. haloplanktis), phytoplankton (D. tertiolecta), and microzooplankton (O. marina) to a microfluidic pulse of 500 µM HCl in ASW, to replicate the pH gradients that will have occurred in the most extreme scenario (i.e. 500 µM DMSP·HCl). In all cases, no accumulation was observed, in contrast to the strong accumulation observed for the 500 µM DMSP pulse (Figs S1A,E,G; Fig S7A-C) indicating that the chemotactic responses observed for the DMSP treatments were driven by chemotaxis to DMSP molecules, rather than by a response to any shift in pH. As a further control, to rule out the possibility that any passive mechanism contributed to the observed cell accumulations, we took measurements using the same microfluidic setup where 2.0 µm microspheres (Polysciences) replaced the swimming microbes. Again, no accumulation was observed ( Fig  S7D) .
Modelled diffusing DMSP patches. The lysis of a 5 µm radius phytoplankton cell (Fig 4A) , with internal concentration of 100 mM DMSP (SR12), was modelled by solving the spherically symmetric diffusion equation for the DMSP concentration C, i.e. C/ t = (D/r 2 ) / r(r 2 C/ r), where t is time, r is the radial distance from the center of the phytoplankton cell, and D = 7.2 10 -10 m 2 s -1 (the diffusivity of DMSP). The initial condition was a Gaussian profile for the DMSP concentration, with half-width of 5 µm and total DMSP content equal to that of the phytoplankton cell.
The concentration field around a stressed, or virus infected (SR13), DMSP-exuding phytoplankton cell (Fig 4B) was modelled with the steady-state diffusion equation, (1/r 2 ) / r(r 2 C/ r) = 0, which predicts an inversely linear decay of concentration with distance (e.g. SR14). The daily leakage rate was 10% of the internal DMSP content (SR15). Stressed cells were modelled as having short-term leakage rates 100-fold larger than healthy cells. Healthy cells created DMSP signatures (i.e. maximum concentrations) below 1 nM for cell radii less than 10 µm, likely making them undetectable by grazers, as recently calculated also by Breckels and co-workers (SR16).
The concentration field in the microchannel (Fig 4C and background of Fig 3A,B) was computed by solving the one-dimensional diffusion equation, C/ t = D 2 C/ x 2 (where x is the coordinate across the channel width), with an initial Gaussian profile of half-width 100 µm and D = 7.2 10 -10 m 2 s -1 (the diffusivity of DMSP).
D. tertiolecta
35 S-DMSP uptake experiments. Axenic cultures of D. tertiolecta (CCMP1320) were grown in f/2 medium (SR3) at 20 C under 100 μE m -2 s -1 of fluorescent light provided on a 12:12 h light:dark cycle. Axenicity was confirmed by staining with 4',6-diamidino-2-phenylindole (DAPI) and epifluorescence microscopy. In late exponential phase (2 10 5 cells ml -1 ), two 25-ml batches of the culture were spiked with trace amounts of 35 S-DMSP to a final activity of 450 disintegrations per minute ml -1 plus 1 nM of unlabelled DMSP, and incubated for 12 h in the light. Then, four 5-ml aliquots of each batch were filtered through 24 mm diameter Nylon filters (1.2 µm nominal pore size), with a final rinse with 0.22 µm filtered seawater. The vacuum was stopped and 5 ml of cold, 5% trichloroacetic acid (TCA) was added to precipitate macromolecules. After 5 min, the vacuum was restarted and the TCA-treated filters were rinsed with MilliQ water. As blank controls, clean filters were placed in the filtration system and treated the same as samples, with rinses and TCA. All filters were counted in a scintillation counter. The disintegration-per-minute counts of the culture aliquots did not differ significantly from those of the blanks, demonstrating that D. tertiolecta did not take up 35 S-DMSP and did not assimilate 35 S into macromolecules.
M. pusilla 35 S-DMSP uptake experiments.
An axenic culture of M. pusilla (CCMP2709) was grown in K medium (SR17) at 22º C, under 100 μE m -2 s -1 of fluorescent light provided on a 12:12 h light:dark cycle. Axenicity was confirmed by DAPI staining and epifluorescence microscopy. In exponential phase (1.4 10 6 cells ml -1 ) two 2-ml batches of the culture were spiked with trace amounts of 35 S-DMSP to a final activity of 220 disintegrations per minute ml -1 and incubated for 8 h in the light and 4 h in the dark. Then, two 1-ml aliquots of each batch were filtered through 24 mm diameter nitrocellulose filters (0.65 µm nominal pore size), with a final rinse with 0.22 µm filtered seawater. The vacuum was stopped and 5 ml of cold, 5% TCA was added to the filters to precipitate macromolecules. After 5 min, the vacuum was restarted and the TCA-treated filters were rinsed with MilliQ water. As blank controls, the procedure was repeated using clean filters. All filters were counted in a scintillation counter. The culture aliquots gave 141 disintegrations per minute ml -1 more than the blanks, indicating that M. pusilla had taken up 64% of the added 35 S-DMSP and assimilated its 35 S into macromolecules.
D. tertiolecta DMSP-lyase activity experiments.
Another 20-ml batch of the above D. tertiolecta (CCMP1320) culture, in mid exponential phase (5 10 4 cells ml -1 ), was transferred to a gas-tight glass vial and given dissolved DMSP to a final concentration of 1.6 µM, with no headspace. The concentration of DMS was measured by gas chromatography (SR18) in 1-ml subsamples at times 0.2, 0.5, 1, 1.5, 2.2 and 7.5 hours. Then, further DMSP was added to a concentration of 0.9 mM, and DMS was measured in 0.1-to 0.3-ml subsamples at times 0, 0.25, 0.5, 0.75, 1, 1.5, 2 and 5 hours. As a control, recently autoclaved f/2 medium prepared with 0.22 m filtered seawater was placed into a 10-ml vial and given 0.9 mM of dissolved DMSP. DMS was measured at times 0.3, 0.6, 1.1, 1.5 and 1.9 hours. Results (Fig S4) show that D. tertiolecta (CCMP1320) expresses DMSP lyase activity well above the control.
D. tertiolecta DMS uptake experiment.
Another batch of the above D. tertiolecta (CCMP1320) culture was transferred to a gas-tight glass vial and given dissolved DMS to a final concentration of 27 nM. Following the addition, 1-ml subsamples were withdrawn at times 0, 0.5, 1.5, 2.2, 7.3 and 17.5 hours and analysed for DMS concentration. The experiment was conducted at room temperature (24º C), under dim light conditions. The time course of DMS concentration did not deviate from that calculated assuming that there was no loss of DMS besides ventilation into the headspace (Fig S5) . 
SUPPLEMENTARY FIGURES FIGURE S1
Figure S1: The microchannel used for the experiments. The top panel shows a schematic planar layout of the microchannel. Inlet A was used to inject microorganisms. Inlet B was used to inject DMSP and related compounds via the microinjector, which formed a 300 µm wide band. Organisms were imaged 5 mm downstream of the microinjector's tip, in the area shown by the dashed rectangle. C denotes the channel's outlet. See SR6 for more details. The bottom panel shows a photograph of the microchannel on the inverted microscope. Tubings of different colors lead to inlets and outlets (blue for inlet A, green for B and orange for C). (Fig 1) correspond to very rapid and strong accumulation. In all cases, the diffusion coefficient, D = 7.2 10 -10 m 2 s -1 , was that appropriate for DMSP.
FIGURE S3
Fig S4: DMSP-lyase activity of Dunaliella tertiolecta (CCMP1320). Change in DMS concentration following addition of (A) 1.6 µM and (B) 0.9 mM DMSP to an axenic culture of D. tertiolecta at 5 10 4 cells ml -1 (31). The increase in DMS provides evidence for DMS production from DMSP that, combined with the observation that this strain does not take up 35 S-DMSP, indicates the existence of extracellular (probably outer-membrane-bound) DMSP lyase activity. Open squares represent the DMSP lyase assay in autoclaved f/2 medium (control). Figure 1 . In all cases, colors indicate relative concentration of organisms, normalized to a mean of 1, and white triangles indicate times at which data were collected.
Fig S7: Additional control experiments.
To ensure responses to DMSP·HCl occurred only as a chemotactic response to DMSP and not to pH gradients generated by HCl, control experiments were conducted where a 500 µM band of HCl was injected into the microchannel and the swimming responses of (A) P. haloplanktis, (B) D. tertiolecta, and (C) O. marina were measured. For each organism, the same color scale as in Fig S1 (500 µM DMSP) was used. In all cases, no accumulation was observed, in contrast to the strong accumulation observed for the 500 µM DMSP pulse (Figs S1A,E,G). (D) To ensure that cell accumulations observed in the experiments were driven by behavioural responses and not a passive forcing mechanism, we performed an experiment where 2.0 µm beads replaced the swimming microbes. No accumulation was observed.
